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Abstract The Palaearctic leaf beetle Chrysomela lapponica
usually feeds upon willows in the northern region of its
occurrence. However, in Central Europe, some populations
are known that have specialised on birch. In this study, we
investigated the signiWcance of other herbivores occurring
together on the same host plants as possible exploitative
competitors of C. lapponica. Two populations were
studied: a population from Finland specialised on the wil-
low Salix borealis, and a population from the Czech
Republic, specialised on the birch Betula pubescens. Abun-
dances of folivorous and suctivorous insects on both host
plants were recorded at both population sites. The willow
leaf beetle Phratora vitellinae was the most abundant her-
bivorous insect at both study sites on willow. A Weld study
was conducted to examine the eVects of P. vitellinae on the
performance of C. lapponica. The presence of P. vitellinae
larvae on the same twig upon which C. lapponica larvae
were feeding did not aVect increase of body weight in
C. lapponica larvae. Thus, the high resource availability of
both willows and birches suggest that interspeciWc competi-
tion is unlikely to be a selection factor driving the evolution
of host shift in C. lapponica.
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Introduction
For a long time, interspeciWc competition among herbivo-
rous insects has been considered unimportant to shape their
population dynamics (Strong et al. 1984). But during the
last 20 years, many studies have shown that herbivorous
insects may aVect each other directly or indirectly by chang-
ing host plant suitability, although strength and frequency of
such interspeciWc interactions vary considerably among sys-
tems. So far, the highest proportion of competitive interac-
tions were found between suctivorous insects, and the
lowest in free living folivorous insects (Denno et al. 1995).
The leaf beetle Chrysomela lapponica L. 1758 is distrib-
uted continuously over Northern Europe, and patchily in
mostly higher altitudes or colder regions of Central Europe
(e.g., Germany, Czech Republic, Poland, Northern Italy,
France). The larvae and adults of C. lapponica are free-liv-
ing folivorous insects. The individuals of some populations
show remarkable diVerences in behaviour, ecology and
morphology (Gross and Fatouros 2005). Interestingly, the
populations of this leaf beetle species have specialised on
diVerent host plants. Individuals from most of the Central
European populations are monophagous on two birch
species (Betula spp.), (Gross and Hilker 1995; Hilker and
Schulz 1994), while the Northern European populations
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140 J Pest Sci (2007) 80:139–143feed and oviposit only on willow species (Salix spp.),
(Gross et al. 2004a). Willows are considered the ancestral
host plant of Chrysomela species (Termonia et al. 2001),
and also of C. lapponica (Gross and Fatouros 2005). While
the population densities in Central Europe are low and fur-
ther declined during the last 50 years, mainly due to habitat
loss, C. lapponica can reach high population densities and
is a pest on willow species in Northern Finland and Russia.
Especially the populations on the Kola peninsula (Russia)
became a new pest defoliating willows in polluted areas
(Zvereva et al. 1995a, b
The aim of our study is to investigate whether other her-
bivores act as possible exploitative competitors for C. lap-
ponica. The background of this question is the hypothesis
that competitors were in former times the selective force in
some C. lapponica populations to change host plants and to
switch from willow to birch. To study this hypothesis, two
populations of C. lapponica, which are specialised on diVer-
ent host plants, were compared. One of the examined popu-
lations of C. lapponica originates from Finnish Lapland,
feeding mainly on the willow Salix borealis. The other pop-
ulation, feeding exclusively upon the birch Betula pubes-
cens, was investigated in the Czech Republic. Both host
plant species, birch and willow, occur simultaneously in the
habitats of the Finnish and Czech beetles. We recorded all
other herbivorous insects, folivorous and suctivorous spe-
cies, occurring on birch and willow in each habitat. Further,
a Weld bioassay with the most abundant herbivore, the wil-
low leaf beetle Phratora vitellinae, was conducted to test its
inXuence on the development of C. lapponica.
Materials and methods
Study areas
Faunistic surveys were carried out at two diVerent study
areas. (1) Finland (69°45N, 27°01E): in the surrounding
of the Kevo Subarctic Research Institute, 150 km north of
the city of Ivalo, about 60 km north of the continuous pine
forest line, 80 m above sea level. The area lies within the
forest tundra zone, a birch subzone of the boreal coniferous
forest. (2) Czech Republic (50°00N, 12°40E): in the sur-
rounding of Marianske Lazne, in the forest area Slavkovský
Lés, a peat-bog with pines, birches and willows, located
850 m above the sea level.
Faunistic survey of herbivores on birches and willows
Occurrence and abundance of herbivores were recorded
both on willows and birches at both the site of a willow-
specialised population and the site of a birch-specialised
population. Due to the diVerences in the geographical
distribution of willow species (Jalas and Suominen 1976),
the dominant northern willow species S. borealis was inves-
tigated in Finland, while this species is absent in the Czech
Republic. There, the dominant willow species S. fragilis
was sampled. Because no noticeable damage of leaf miners
and leaf rollers were detected by visual controls, the tree-
beating method was used (Harris et al. 1972). Comparable
branches of the test plants were beaten with a pole (1 m
length) under constant frequency (about 40 beats/min) for
3 min. Dropping insects were collected in a modiWed hand
net combined with a removable receptacle. After 3 min of
sampling, the receptacle was emptied and the collected
insects counted and stored in vials for later identiWcation.
During the vegetation periods, recordings were taken at
B. pubescens (N = 45) and S. fragilis (N = 27) in the Czech
study area (13.05., 25.05., 05.06., 25.06., 18.07.1998), and
at B. pubescens ssp. czerepanovii (N = 44) and S. borealis
(N = 48) in the Finnish study area (30.06., 06.07.;
29.07.1999). On the respective days of collection, at least
Wve samples were taken from each tree species. The results
were calculated as collected specimens per 100 m2 leaf area.
Field bioassay: eVect of the presence of another herbivore 
on development of C. lapponica
The leaf beetle Phratora vitellinae was present in high
abundance on willows both at the Finnish and Czech site
(Table 1). To examine possible eVects of P. vitellinae on
C. lapponica, the following experiment was conducted:
Wrst instar larvae of the willow-specialised population of
C. lapponica were weighed individually and placed onto
twigs of a tree of S. borealis. Before releasing larvae, all
other animals were removed. Three diVerent treatments
were conducted: (1) Twenty larvae of C. lapponica were
placed on a twig onto which additionally 40 larvae (1st and
2nd instar) of P. vitellinae were placed (T40). (2) Twenty
larvae of C. lapponica were placed on another twig of this
tree onto which additionally 80 larvae of P. vitellinae were
placed (T80). (3) For control, twenty C. lapponica larvae
were placed on a twig at which no other herbivores had
been observed. Twigs of Wve trees were treated in this way.
To exclude predators or parasitoids, twigs were covered
with gauze bags, tightly closed at the ends. After 17 days,
prepupae and last instar larvae of C. lapponica were
weighed again, and their mortality and leaf consumption
were recorded. The increase of body mass was compared
between control and test groups.
Statistical analysis
The numbers of herbivores on each plant species and popu-
lation site were transformed to log (x + 3/7) to equalize
variances (Sachs 1992), and compared by two-way123
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presence of another herbivore on increase of body weight in
C. lapponica was evaluated by one-way ANOVA followed
by ScheVé tests. All statistical tests were done using Statis-
tica 5.5 (StatSoft Inc., Hamburg, Germany).
Results
Occurrence and abundance of herbivores
The folivorous insects collected from birches and willows
at both study sites are listed in Table 1. Phratora vitellinae
was the most abundant leaf beetle species on willows in
both habitats. It was about 12 times more abundant at the
site of the willow specialists (Finland) than at the site of the
birch specialists (Czech Republic). Specimens of C. lappo-
nica collected from birches at the Finnish sites were never
observed feeding on these leaves. However, larvae were
observed to use birches that were situated very close to
their host plants as place to pupate (personal observation of
N.E.F.). Two other herbivorous coleopteran species were
found in large numbers on birches at the Finnish site: Poly-
drusus ruWcornis (Curculionidae) and Deporaus betulae
(Attelabidae). The latter species was found only in small
numbers at the Czech site. The number of lepidopteran lar-
vae was high on willows at the Czech site, but only few
were collected from birches. At the Finnish site, number of
lepidopteran larvae was quite low both on birches and wil-
lows. The highest numbers of sawXy larvae (Nematinae)
were collected from birches at the Finnish site, but there
were no statistically signiWcant diVerences between plant
species or sampling site. Within the group of the sap-suck-
ing insects various species of Homoptera were collected.
The aphid Euceraphis punctipennis was highly abundant
upon birches in Finland, while Cicadina were more abun-
dant on birches in the Czech Republic.
Field bioassay: eVect of the presence of another herbivore 
on development of C. lapponica
The presence of P. vitellinae larvae on the same twig upon
which C. lapponica larvae were feeding did not aVect the
Table 1 Mean values and SD of herbivore densities [individuals/100 m2 leaf area] on willow (Finland: Salix borealis; Czech Republic: S. fragilis)
and birch (Finland Betula pubescens ssp. czerepanovii; Czech Republic: B. pubescens) in two diVerent study areas
The specimens were collected using the beating tray method. The data were collected in Finland in 1999, in the Czech Republic in 1998. The diVer-
ences within the taxa and between the plants and the sites were compared by one-way ANOVA (df = 3) followed by ScheVé tests. DiVerent letters
indicate signiWcant diVerences (P < 0.05)
* Pupae or adults of C. lapponica collected from birch leaves, but feeding was not observed
Species Finland Czech Republic ANOVA
Willow Birch Willow Birch F P <
n = 48  n = 44  n = 27  n = 45 
Folivorous insects
Coleoptera
Chrysomelidae Chrysomela lapponica 605 § 898a 848 24 § 71.7b* 25 0.00b 0 3.5 § 7.66b 31 32.30 0.001
Phratora vitellinae 618 § 770a 866 0.00b 0 51 § 39.9c 266 0.00b 0 215.30 0.001
Gonioctena pallida 8.6 § 24.0a 12 0.00b 0 0.2 § 1.0b 1 0.00b 0 6.80 0.001
Phratora polaris 0.00a 0 14.6 § 35.7b 15 0.00a 0 0.00a 0 9.90 0.001
Chrysomela vigintipunctata 0.00a 0 0.00a 0 1.2 § 2.63b 6 0.00a 0 10.01 0.001
Chrysomela cuprea 0.00a 0 0.00a 0 8.1 § 23.6b 42 0.00a 0 13.70 0.001
Plagiodera versicolora 0.00a 0 0.00a 0 1.2 § 2.20b 6 0.00a 0 12.73 0.001
Crepidodera aurata 0.00a 0 0.00a 0 3.5 § 7.06b 18 0.00a 0 20.86 0.001
Lochmaea caprea 0.00a 0 0.00a 0 0.00ab 0 2.2 § 8.83b 20 4.60 0.005
Curculionidae Polydrusus ruWcornis 29 § 42.0a 40 624 § 1031b 642 0.00c 0 0.00c 0 37.67 0.001
Attelabidae Deporaus betulae 1.4 § 6.92a 2 205 § 259b 211 0.00a 0 0.9 § 2.23a 8 40.21 0.001
Lepidoptera Various species 10 § 21.2a 14 20 § 39.7a 21 86 § 156b 47 9.2 § 8.34a 82 10.98 0.001
Hymenoptera
Tenthredinidae Nematinae (various species) 19 § 29.1a 27 23 § 38.6a 24 9.0 § 17.57a 266 8.4 § 8.80a 75 0.46 0.704
Suctivorous insects
Homoptera
Aphidina Various species 456 § 980a 639 5902 § 7559b 6070 9.0 § 25.57c 214 49 § 48.0d 436 101.02 0.001
Cicadina Various species 41 § 92.4a 58 54 § 96.5a 56 41 § 68.4a 447 238 § 166b 2120 37.03 0.001123
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larvae gained as much body mass when feeding in a group
of 20 conspeciWcs per twig (control) as when feeding in a
group of 20 conspeciWcs and additionally 40 (T40) or 80
(T80) larvae of P. vitellinae per twig. The percentages of
leaf material consumed per twig reached at the end of the
experiment about 20% (control), 35% (T40) and 50%
(T80). Due to predators, which managed to enter the gauze
bags (mainly Anthocoris nemorum), the mortality of C. lap-
ponica larvae in all cages reached about 50%, and was
between 25% (T40) and 33% (T80) in larvae of P. vitelli-
nae.
Discussion
When discussing the data on abundances of other herbivo-
rous insects as possible competitors of C. lapponica, only
the present situation can be used to Wnd explanations for a
past event: the host shift of C. lapponica from willows to
birches at the site in the Czech Republic. Therefore, this
discussion needs to be with the reservation that the present
data on abundances of herbivores reXect the past one.
Thus, “the ghost of competition” is addressed and
extrapolated to the current situation when discussing a pos-
sible impact of competitors on host shift of C. lapponica
from willow to birch (Morris 1999). P. vitellinae was pres-
ent in signiWcantly higher numbers on willow than on birch
at both study sites (Table 1). Nevertheless, C. lapponica
kept being specialised to willows in Finland. The high
numbers of Curculionidae, Attelabidae, and aphids on
birches at the site of the willow-specialised might be rea-
sons for C. lapponica to stay on willows rather than to
switch to birches. More probable driving forces in this sys-
tem are the extensive outbreaks of the geometrids Epirrita
autumnata and Operophtera spp. defoliating mountain
birches (Haukioja et al. 1988; Neuvonen et al. 2005; Tenow
1972).
The Weld experiment (Fig. 1) did not detect obvious
competitive disadvantages for C. lapponica when feeding
together with P. vitellinae at the same tree. Thus, high num-
bers of P. vitellinae have most probably not been a driving
force to shift from willows to birches. Whether the abun-
dance of lepidopteran species on willows at the site of the
birch-specialised C. lapponica is high enough to be consid-
ered as driving force for a host shift from willow to birch is
questionable, especially when considering that the much
higher abundances of P. vitellinae did not reveal obvious
disadvantages for C. lapponica.
Several studies on competition between herbivorous
insects revealed that a species was negatively aVected dur-
ing insect outbreaks of another species (Denno et al. 1995;
Lawton and Hassell 1981; Lawton and Strong 1981). Mass
outbreaks of herbivorous insects are well known both on
birches (e.g., Haukioja et al. 1988; Schmidt 1995), and wil-
lows (Erbeling and Terlutter 1994). Outbreaks of a willow-
specialised population of C. lapponica are known from
Russia (Kozlov et al. 1996; Zvereva et al. 1995b), and of
birch-feeding populations in single years from Poland and
Germany (A. Warchalowski and H. Kippenberg, pers.
comm. 1999), but remain very rare. Thus, C. lapponica
might suVer competition when occurring in very high popu-
lation densities or when facing mass outbreaks of other her-
bivores. However, the high resource availability of both
willows and birches suggest that interspeciWc competition
is unlikely to be a selection factor driving the evolution of
host shift in C. lapponica.
Up to now, many studies were conducted to elucidate the
reasons for host plant shift of the ancestors of the Central
European populations of C. lapponica from willow to
birch. Three main possible selection factors have been
investigated so far: (1) the inXuence of abiotic factors like
irradiation and temperature (Gross et al. 2004c), (2) bot-
tom-up eVects which inXuence the performance of the bee-
tles directly, like the diVerent host plants (Gross et al.
2004a; Zvereva and Rank 2003), or indirect bottom up
eVects inXuencing the larval defensive abilities (Gross et al.
2002; Pasteels et al. 1983; Schulz et al. 1997), and (3) top
down eVects by predators, parasitoids and entomopatho-
gens (Gross et al. 2004b; Zvereva and Rank 2004). Further,
crossing experiments were conducted, showing reproduc-
tive isolation between the birch and willow-specialised
populations of C. lapponica (Fatouros et al. 2006). Summa-
rising the results of all these studies and the results
Fig. 1 Mean values and SD of increase of body mass of each 20
C. lapponica larvae (Finland) reared for 17 d on twigs of S. borealis in
three diVerent treatments (C control; T40 additional 40 P. vitellinae lar-
vae; T80 additional 80 P. vitellinae larvae). 5 replications were con-
ducted per treatment. No signiWcant diVerences were detected (one-
way ANOVA, df = 2, F = 2.52, P = 0.084)
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J Pest Sci (2007) 80:139–143 143presented here, we suggest that the host plant shift of the
ancestors of the Central European populations of C. lappo-
nica from willow to birch was not selected by interspeciWc
competition. Instead, there is indication by another study
that specialised natural enemies were acting as selective
force to leave willow and to pioneer birch, a host plant with
a lower risk of mortality caused by specialised predators
and parasitoids (Gross et al. 2004b).
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